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An episodic event of pollen transport of European beech
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Abstract. The meteorological impacts on pollen emission and spread in a typical Central European forest of
mixed deciduous and coniferous trees are investigated. Pollen samples as well as meteorological measurements
have been conducted during the flowering period of spring flowering tree species in 2009. An episodic event
of pollen transport to the study area is analyzed in detail with the aid of hourly backwards trajectories. The
results indicate that the experimental set-up was well designed for a thorough meteorological analysiis of the
pollen counts.
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1 Introduction installed in the crown sphere of the stand 22 m above groun
and the third sampling unit measures the pollen concentra
The scientific project “ROSALIA’ investigated the meteo- tion 5m above the forest ground. In order to sample pollen
rological impact on pollen emission and spread in a typi-from all directions and to account for the potential turbulencg
cal Central European forest of mixed deciduous and coniferwithin the canopy, a cylindrical pollen separator as suctio
ous trees. For this purpose, simultaneous pollen counts angdevice and the conventional Burkard pollen impactor with
meteorological measurements at three platforms of a 36 na 24 h drive as impactor and detection device are applie
high meteorological tower have been carried out in April and (Hirst, 1952).
May 2009. Several tree species have been taken into account. Meteorological parameters, especially the three
With the aid of 48 h backward trajectories calculated hourly dimensional wind and turbulence indicators, have been

o

with the trajectory model FLEXTRA (Stohl, 1998) based on measured with ultrasonic anemometers at the same heights

data from the limited area model ALADIN run operationally as the pollen counts on the tower. The several levels g
with a horizontal resolution of 4.9 km at ZAMG, the area of observation on the tower are necessary as meteorologio
the origin of pollen transported to the study site is analyzed. parameters and turbulent fluxes cannot be assumed to

constant with height (Klemm et al., 2006; Froelich et al.,
2 Experimental set-up 2006) in this complex environment. Sonic anemometer

deduce the magnitude of the along-path velocity componen
The study area is the “Lehrforst Rosalia” of BOKU Univer- from the travel time of acoustic waves between transducet
sity approx. 60 km south of the city of Vienna in undulat- separated about 10 to 20cm. In addition to the three|
ing terrain (300-750 m altitude, Fig. 1). Pollen counts aredimensional wind vector, the sound velocity is derived, from
conducted on three levels of a meteorological tower situatedvhich the so called “sonic temperature” is calculated. Thg

in a narrow tree-covered valley at 410 m height (left trian- measurement of sonic temperature fluctuations is necessa
gle in Fig. 1) for the flowering period of spring flowering to calculate the sensible heat flux. Other quantities which ar
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tree species in 2009. The tower is located directly within derived from sonic measurements are the means, standgrd

the crowns of a mixed stand of European beech, Sessile oaldeviations, and co-variances of the wind components and the
Norway spruce, Silver fir and Common ash. The first up-momentum flux, the Monin-Obukhov stability parameter,
per sampling unit 36 m above ground measures the pollerand the friction velocity.

concentration above the canopy, the second sampling unit is
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Figure 2a. Pollen concentrations (Pollen®) of European beech
Figure 1. Location of the meteorological towers (red triangles) on 23 April 2009, at the three levels of the tower.

in the Rosalia mountains (Lehrforst Rosalia) and schematic loca-
tion of the Lehrforst in Austria. Scale is in degrees {0 ap-
prox. 15.5km).

3 Results and discussion

Within a radius of approx. 50 m around the tower, all 487
trees have been identified, marked, measured and mappe!
Every 2 to 4 days, the trees were visually surveyed for the
state of flowering and flushing. This started on 7 April 2009,
and ended on 15 May 2009. From this survey, the lgif-o0
period was determined to end on 20 April, with the leaf-on
period starting on 21 April. In the following, a pollen event
of European beech on 23 April is analyzed in detail. Euro-
pean beech did not blossom at this date in the vicinity of theOI
observation site, so the occurrence of pollen is attributed tg
atmospheric transport only.

The pollen counts during the night to 23 April (Fig. 2a)
show enhanced levels of pollen of European beech at all thre¢
measurement levels between approx. 03:00 and 05:00 loce
time (UTC+ 2 h). Pollen is however not transported in a ho-
mogeneous cloud, but rather in single plumes, resulting in
sometimes quite large flierences in pollen levels with time
and height. The night-time occurrence of this peak is an- «
other hint for pollen transport to the site. The measured peak
of pollen coincides with a period of westerly — up-valley —
winds at the top and middle levels of the tower. There is con- -
siderable wind shear within the canopy, also seen from the
time course of wind speed (Fig. 2b) which is very low during
this night but shows enhanced values of Tt the top of
the canopy during this episode. So clearly there is up-valley
transport from the flatlands north-west of the site through the
narrow valley, impinging on the slope where the tower is sit-
uated.
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Figure 2b. Time series of wind speed (m's solid lines) and wind
irection (degrees, dashed lines) on 23 April 2009, at the three lev-
els of the tower.
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Figure 2c. Time series ofr,, (cms™*

, solid lines) and sensible heat

The two other meteorological parameters displayed influx (W m~2, dashed lines) on 23 April 2009, at the three levels of
Fig. 2c give an indication of atmospheric stability during this the tower.

episode. o, is a measure of vertical exchange. It is low
within the canopy, as expected, but shows high values on top
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4 Conclusions

The meteorological impacts on pollen emission and spread
in a typical Central European forest of mixed deciduoug
and coniferous trees are investigated by simultaneous pollen
counts and meteorological measurements at three platforms
of a 36 m high meteorological tower in April and May 2009.
With the aid of 48h backward trajectories calculated with
the trajectory model FLEXTRA (Stohl, 1998) based on AL-
ADIN data, the area of the origin of pollen transported to the
study site is analyzed.

A pollen event of European beech on 23 April is analyzed
in detail. Both the instrumentation set up on the tower as well
as the trajectory model can well explain origin and transport
of pollen to the study area in this particular night.

Figure 3. Ground-level 48h backward trajectories arriving on Acknowledgements.  The authors thank their colleague Kathrin

23 April 2009, at 01:00 (yellow line), 04:00 (green line) and 07:00 Baumann-Stanzer for continuing support and discussion and the
(red line) local time (UTGr 2 h). two anonymous referees as well as the editor for evaluating this
paper.

This research was enabled by the Austrian Science Fund undgr

of the canopy during the episode with high pollen counts, af-contract P20620-B16.

firming the assumption that pollen is transported to the are% dited by: A. Baklanov

and originates from outside the canopy. The sensible he ; ,
eviewed by: two anonymous referees

flux is negative on top of the canopy, indicating night-time
heat loss, as expected. This increases during the period of en-
hanced wind speed anf,. The loss of heat decreases within References

the canopy and partly reverses at the lowest level. Appar- . . .
- Froelich, N. J., Schmid, H. P., Grimmond, C. S. B., Su, H.-B., and
ently the dense canopy stores heat produced during the da Oliphant, A. J.: Flow divergence and density flows above ang

in a similar way as the urb_an canopy (Pl_rlnger e_t_al" _2002_) below a deciduous forest. Part 1: Non-zero mean vertical windl
and releases it during the night, resulting in a positive (i.e. di- 45 canopy, Agr. Forest Meteorol., 133, 140—152, 2005.
rected to the ground) sensible heat flux. Froelich, N. J. and Schmid, H. P.: Flow divergence and density
Finally, also the 48 h backwards ground-level trajectories flows above and below a deciduous forest. Part 2:Below-canopy
displayed in Fig. 3 for dferent arrival times indicate the area  thermographic flows, Agr. Forest Meteorol., 138, 29-43, 2006.
of origin of the observed pollen. According to the observed Hirst, J. M.: An automatic volumetric spore trap, Ann. Appl. Biol.,
temporal development of pollen concentration at the site — 39 257265, 1952.
some pollen before 3:00 local time, pollen peak betweenKlemm',Ol'(' Held, A, Forkt:al, R, Galsche, R.,lKal?ter, H.-J., Rap;
03:00 and 05:00 h, almost no pollen afterwards — one charac- EZESUCC’ BK'r'ef:\'I?ebsrs:: Je . \Z' I’Vg‘::;’_éé’ngsg‘g 3" Aécrij C;Jtc; a
teristic trajectory for each time interval is displayed. The tra- o T s el

. = ] . . Moortgat, G. K., Graus, M., and Hansel, A.: Experiments
jectory arriving at 01:00 local time at the tower (yellow line forestatmosphere exchange: Climatology and fluxes during

in Fig. 3) comes from the north, crossing the flatlands along two summer campaigns in NE Bavaria, Atmos. Environ., 40,
the river Danube west of Vienna and the Vienna basin, low- suppl. 1, 3-20, 2006.

level areas where the beech could have already blossome@iringer, M., Grimmond, C. S. B., fite, S. M., Mestayer, P., Mid-
The 04:00 h trajectory (green line in Fig. 3) is the slowest, dleton, D. R., Rotach, M. W., Baklanov, A., De Ridder, K., Fer-
with a long residence time over the North-Alpine foreland reira, J., Guilloteau, E., Karppinen, A., Martilli, A., Masson, V.,
where pollen must have been set free the day before; simi- and Tombrou, M.: Investigating the Surface Energy Balance in
lar trajectories are obtained for 03:00 and 05:00 local time Urban Areas — Recent Advances and Future Needs, Water Alr
(not shown), well explaining the pollen peaks measured at Soil P?”" 2, 1-16, 2002. o . .
the tower during this period. The 07:00 local time trajec- Stohl, A Compu_tayon, accuracy and ap_phcanons of trajectories -
. . . . . . a review and bibliography, Atmos. Environ., 32, 947-966, 1998,
tory (red line) is subject to increasing wind speeds and comes
straight almost from north where apparently no blossoming
of European beech had yet occurred. The 06:00 and 08:00 h
trajectories (not displayed) show similar paths. The pollen
transport episode can thus well be explained by both the me-
teorological measurements as well as the trajectory analysis.

www.adv-sci-res.net/4/1/2010/ Adv. Sci. Res., 4, 1-3, 2010




